Abstract: The present work introduces two possible extensions of the Standard Model Higgs sector. In the first case, the Zee-Babu type model for the generation of neutrino mass is augmented with a scalar triplet and additional singly charged scalar singlets. The second scenario, on the other hand, generalizes the Type-II seesaw model by replicating the number of the scalar triplets. A Z 3 symmetry is imposed in case of both the scenarios, but, allowed to be violated by terms of mass dimension two and three for generating neutrino masses and mixings. We examine how the models so introduced can explain the experimental observation on the muon anomalous magnetic moment. We estimate the two-loop contribution to neutrino mass induced by the scalar triplet, in addition to what comes from the doubly charged singlet in the usual Zee-Babu framework, in the first model. On the other hand, the neutrino mass arises in the usual Type-II fashion in the second model. In addition, the role of the Z 3 symmetry in suppressing lepton flavor violation is also elucidated.
Introduction
Evidence of a sizeable deviation in the measured muon anomalous magnetic moment from its Standard Model (SM) expectation is likely to call for physics beyond the SM. A 3.6 σ discrepancy between theoretical calculations within the SM and experimental data [1] , quoting ∆a µ = a Another important issue is the inability to generate non-zero neutrino mass within the SM. While non-zero neutrino mass can be induced at tree level using the Type-I [2] [3] [4] [5] [6] , Type-II [7] [8] [9] and Type-III [10] seesaw mechanisms, an also attractive way in this context is to invoke loop processes [11] [12] [13] [14] for the same. (See also Refs. [15] [16] [17] [18] [19] [20] for recent reviews.) In such a case, the scale of the new physics responsible for generating neutrino mass can be not too far from the TeV scale, thereby enhancing the observability at colliders. We pick up two such scenarios that are particularly relevant for the present discussion. These are the Type-II seesaw scenario that employs a scalar SU (2) L triplet [7, 21, 22] and the Zee-Babu model [11, 12] that introduces two SU (2) L singlet scalars that carry one and two units of electric charge, respectively. However, the Type-II seesaw model has been ruled out due to a negative contribution to the muon anomalous magnetic moment [23] . The Zee-Babu model also does not fare well in this direction owing to the constraints put on it by non-observation of various lepton flavor-violating decays [24, 25] .
In this paper, we propose two models that serve as unified frameworks to address the muon g − 2 anomaly and the current data on neutrino masses and mixings. A common feature of two models is the simultaneous existence of doubly charged scalars in the SU (2) L singlet and triplet. Thanks to their right-chiral and left-chiral Yukawa interactions and also non-zero mixing between the doubly charged scalar states, the experimentally favored sign of the anomalous muon g − 2 deviation is achieved. Furthermore, the overall magnitude of the contribution is enhanced by the chirality flipping effect. On the other hand, the presence of two doubly charged scalars suffer severe constraints from the non-observation of the lepton flavor violating processes. We will show that the lepton flavor-violating decays turn out to be naturally suppressed in these models by imposing a (softly broken) global Z 3 symmetry without spoiling the explanation of the muon g − 2 anomaly.
In addition to the SM fields, the first model features a scalar SU (2) L triplet, a doubly charged scalar singlet and three singly charged scalar singlets. The singly charged scalars are charged under the global Z 3 while the triplet and the doubly charged singlet remain neutral. The Weinberg operator [26] responsible for neutrino mass can be derived in this model at the two-loop level, similar to what happens in the Zee-Babu model 1 . The second model features three SU (2) L triplet scalars that are distinguished from one another by their Z 3 charges. In addition, a Z 3 -neutral doubly charged SU (2) L singlet scalar is also present. A small neutrino mass arises in this model when the scalar triplets acquire vacuum expectation values (VEV's) to mimic the usual Type-II seesaw model. Besides, in the case of the first model, the same mixing also induces sizeable contributions to the neutrino mass elements through two-loop amplitudes. Therefore, the proposed models emerge as novel scenarios successfully connecting the observation of small but non-zero neutrino mass with the long-standing muon g − 2 anomaly, without invoking additional fermionic degrees of freedom. Further, we note in passing that it is possible to identify appropriate collider signatures that can potentially distinguish the models discussed here from the usual Type-II seesaw model. This paper is organized as follows. In Sections 2.1 and 2.2, we introduce the two models, discussing the additional scalar content in them and the assignment of the global symmetry charges. For the first model, we discuss the contribution of the given scenario to the muon anomalous magnetic moment in Section 3.1 and explain the current discrepancy between experimental data and the SM expectation. Appropriate discussions on various lepton flavor-violating decays can be found in the same section. Section 3.2 outlines the calculation of neutrino mass, and identifies the parameter space allowed by the recent neutrino data. The numerical results for the second model are detailed in Section 4. The results obtained are summarized in Section 5. Important expressions encountered while calculating the two-loop neutrino mass matrix are relegated to the Appendix. 
Models

Scenario A: Two-loop realization
In this model, the scalar sector of the SM is augmented by an SU (2) L scalar triplet ∆, a doubly charged scalar singlet k ++ and three singly charged scalar singlets k + µ , k + e , k + τ . 2 A Z 3 symmetry is imposed, whose utility will become clear in the subsequent sections. Tables 1  and 2 list the quantum numbers of both SM and additional fields respectively.
The most general renormalizable scalar potential is expressed as the sum of quadratic, trilinear and quartic terms as
where,
2a)
Throughout the text, the indices α, β are used to denote the lepton flavors e, µ, τ and repeated indices imply summation. We point out that some elements of M 2 αβ and µ αβ break the Z 3 symmetry softly. The off-diagonal entries of the dimension-2 terms are violent sources of the lepton flavor violation, while the dimension-3 terms is necessary for realizing observed neutrino mass spectrum, mixings and CP violation. Hereafter, we take minimal Z 3 violation hypothesis, where the Z 3 symmetry is violated only by the dimension-3 terms. A small deviation from this hypothesis will be commented later on. Following electroweak symmetry breaking (EWSB), φ and ∆ can be parameterized as
where v φ and v ∆ are the VEV's of the scalar doublet and triplet, respectively, with v 2 φ + 2v 2 ∆ = (246 GeV) 2 . The presence of the scalar triplet VEV leads to a modified ρ parameter at tree level, i.e., ρ = 1 +
. The current bound of ρ = 1.0004
+0.0003
−0.0004 [34] leads to v ∆ < 5 GeV.
We now briefly discuss the scalar spectrum of this scenario. The scalar potential generally allows mixing among the scalar states of the same charge. In terms of mass eigenstates, the neutral scalars in this model are: two CP -even scalars (h, H) and one CP -odd scalar (A). The mixing in the neutral sector is therefore identical to the Type-II seesaw model. More details on this part can be found in Refs. [35, 36] and are omitted here for brevity. An important impact of the EWSB is the mixing between the two doubly charged states δ ++ and k ++ . Diagonalizing the corresponding mass matrix through a rotation by θ leads to the mass eigenstates H 
4a)
We also list below the expressions of the H ++ 1,2 masses and θ for v ∆ v φ :
It follows from Eq. (2.5e) that θ = 0 demands λ 7 = 0. The next thing taken up is the mixing among the singly charged states. In general, the mixing among φ + , δ + , k + e , k + µ , k + τ is governed by a 5 × 5 matrix. We, however, shall take the λ 12 → 0 limit in this study, as a result of which the φ + -δ + mixing decouples from the remaining 3 × 3 part. This small mixing limit is justified by v ∆ v φ . In this limit, the 2 × 2 mixing matrix for φ + and δ + becomes identical to that in the pure Type-II seesaw model, giving rise to the Goldstone boson G + and the singly charged physical scalar H + in the mass basis. Since we assume no dimension-2 soft breaking terms in the scalar potential, the 3 × 3 submatrix spanned by
. Thus, mass eigenstates are the same as in the flavor basis: H + α ≡ k + α . The softly Z 3 -violating trilinear interaction then can be recast in terms of H ++ i (i = 1, 2) using the mixing angle θ as
We next discuss the Yukawa Lagrangian in this model. The following additional terms are allowed under the Z 3 symmetry:
Fermionic statistics demands y All parameters apart from µ αβ are henceforth taken to be real in this scenario.
Scenario B: Type-II seesaw realization
The additional scalars introduced in this scenario are three SU (2) L triplets, ∆ e , ∆ µ , ∆ τ and one doubly charged singlet, k ++ . Once again, a softly broken Z 3 symmetry is imposed and the charge assignment is given in Table 3 . Those of the Higgs doublet and the SM leptons are the same as in Table 1 . Note that the number of new multiplets in Scenario B is smaller than that in Scenario A, which makes the model more restrictive, whereas the number of new particles in Scenario A is smaller. The scalar potential reads:
10) Table 3 : Quantum numbers of the additional scalar fields in Scenario B under the SM gauge group and Z 3 .
We again adopt the minimal Z 3 violation hypothesis, where the dimension-2 terms respect the Z 3 symmetry. The trilinear Z 3 -breaking terms with µ µ , µ τ = 0 are included since they ensure all the triplets acquire VEV's. We define v 2 ∆ = v 2 e + v 2 µ + v 2 τ , where, v e , v µ , v τ denote the VEV's of the three triplets. Each triplet comprises
With 3 singly charged states and 4 doubly charged states, this scenario is more involved in terms of field content than the previous one. The mass eigenstates H + α and H ++ 1,2,µ,τ are admixtures of the gauge-basis states. However, in the v ∆ v φ limit, the mixings simplify to the following
Similar to Scenario A, a non-zero λ 7 induces mixing in the δ ++ e -k ++ sector. The masses and the mixing angle θ can be obtained from Eqs. (2.5a)-(2.5e) with the indices appropriately replaced. The masses of the remaining scalars in the v ∆ v φ limit are given by
The Z 3 -governed Yukawa Lagrangian is expanded in the flavor basis as
The Yukawa couplings with the triplets entering Eq. (2.16) are taken to be complex. These interactions in the gauge basis for the scalars can therefore be described by the following symmetric matrices:
Before closing this section, we give the neutrino mass matrix as follows:
We note in passing that the generation of a realistic neutrino mass matrix through the treelevel Type-II fashion demands that each triplet has a VEV (see Eq. (2.18)). This therefore makes it compulsory to include the dimension-3 soft breaking terms.
Numerical results: Scenario A
The numerical analysis corresponding to Scenario A is presented in this section. It is further split in two subsections for convenience.
Muon g − 2 and lepton flavor violation
In this section, we discuss the contribution of this model to the muon anomalous magnetic moment and its possible implications on various lepton flavor-violating (LFV) processes. The total muon anomalous magnetic moment, ∆a µ , is split into individual contributions coming from the various singly charged as well as doubly charged scalars (see Refs. [37, 38] for the relevant formulae) as
where
In the above expressions, y iL and y iR respectively parameterize the left-and right-chiral Yukawa couplings of H
as appearing in the Yukawa Lagrangian below:
Analytical forms of the various integrals in Eq. (3.2c) are given in the Appendix. According to Eqs. (3.2a) and (3.2b), the singly charged scalar contribution is always negative. On the other hand, an inspection of Eq. (3.2c) shows that a non-zero mixing between δ ++ and k ++ can render a positive contribution through the chirality flipping effect that is proportional to O(m τ /m µ ). Hence, it becomes possible to address the muon g − 2 anomaly in this model through an appropriate choice of the relevant parameters.
Since couplings of the doubly charged scalars to dilepton states other than µτ and ee are absent in this case, the only LFV process mediated by the doubly charged scalars at tree level is τ →μee. This is in contrast to the pure Type-II and Zee-Babu models, where the other tree-level LFV modes are also allowed.
where G F = 1.17 × 10 −5 GeV −2 refers to the Fermi coupling constant. The experimental upper limits on the various LFV processes are summarized in Table 4 . If non-zero mixing M 2 αβ (α = β) among the singly charged states H + α is allowed, non-vanishing rates of the radiatively driven LFV processes appear, namely, µ → eγ, τ → eγ and τ → µγ.
For the subsequent numerical study, we choose the following set of parameters:
as the basis of independent parameters. For LFV channel Experimental bound and make the representative choices of ∆M = 10, 50, 100 GeV and θ = 
in this analysis for simplicity. The other parameters are fixed as M + e = 810 GeV, M + µ = 800 GeV, M + τ = 820 GeV, and v ∆ = 10 −15 GeV. 3 The singly charged scalar masses are not constrained from LFV in this model. The scalars k + α still contribute to h → γγ. However, the h-k + α -k − α coupling is given by a linear combination of λ 9 and λ 10 , and, these quartic couplings do not appear in the rest of the analysis. The contribution to h → γγ amplitude from the k + α loops is therefore rendered negligible by choosing small λ 9 , λ 10 without having to make k + α too heavy. We still adhere to the aforementioned conservative bound of 800 GeV keeping in mind possible direct search constraints.
Model points are randomly generated in the aforementioned ranges and tested by the following constraints:
1. The muon g − 2 is within its 2 σ interval, i.e., 12 × 10 −10 ≤ ∆a µ ≤ 44 × 10 −10 .
2. The LFV processes remain within their respective bounds.
The quartic coupling
Points clearing the constraints are then kept and used in the following analysis. Yukawa couplings tend to be disfavored, albeit the reduction in the parameter space is not appreciable. Hence, no strong constraint is imposed by ∆a µ in this parameter space. We have taken BR τ →µνν 1/6 while determining BR τ →μee using Eq. (3.5). The prediction of the τ →μee rate is correlated with that of ∆a µ , much due to their dependence on a common set of model parameters, as is evident from Eq. (3.2c) and Eq. (3.5). Firstly, the allowed range of |y ee S | is similar to that of |y ee ∆ | (see Fig. 3 ). As illustrated in this section, the mass splitting ∆M becomes crucial in determining the maximum of M , |y ee ∆ | < 10 −2 is obtained for ∆M = 10 GeV while the corresponding bound settles at 0.07 for ∆M = 100 GeV. The bound for ∆M = 50 GeV, as expected, is somewhere in between. The qualitative behavior of the parameter space for other values of θ and ∆M can be readily understood from this discussion.
We add here that the results of the numerical scans presented in this section are not affected by the details in the neutrino sector. This is so because a neutrino mass matrix complying with the latest data can always be reconstructed in this model by tuning the trilinear parameters accordingly, as we shall see in the next subsection. The same parameters do not enter the calculations of ∆a µ and the LFV rates.
Neutrino mass matrix
We discuss details of neutrino mass generation in this section. Similar to what happens in the Zee-Babu model, non-zero mass for the neutrinos arises at the two-loop level in this framework. Representative Feynman graphs are shown in Fig. 6 . Figure 6 : Two-loop graphs responsible for neutrino mass generation.
We point out here that the amplitude in Fig. 6a is similar to the usual Zee-Babu amplitude as far as its chirality structure is concerned. In contrast, the amplitude in Fig. 6b is induced by the δ ++ -k ++ mixing in one of the scalar lines. A different chirality structure renders it much more enhanced compared to Fig. 6a . Explicitly, the neutrino mass matrix elements in this model are given by: 
where I α β α β Xi
, m µ , m τ ) have been defined and evaluated in the Appendix. The U PMNS matrix diagonalizes the neutrino mass matrix m ν , i.e., where s ij = sin θ ij , c ij = cos θ ij , δ CP is the Dirac phase, and α 21 and α 31 are the Majorana phases.
Before proceeding further, a comment on the relative magnitudes of I k and I ∆ is in order. Due to different chirality structures,
, where m and M S denote a lepton mass and a scalar mass, respectively. Any contribution from I k can hence be neglected for this model. One may refer to Ref. [44] and some references therein to gain additional insight in the two-loop functions.
We have fitted the neutrino oscillation data using our model in the following approach. An m αβ ν has six complex entries that are derivable from the neutrino oscillation parameters (see Eq. (3.9a)). There are 6 complex µ αβ in this model. Each µ αβ can therefore be solved for from Eq. (3.8). We recall that all the Yukawa couplings are taken to be real and therefore µ αβ are necessarily complex in order to account for the phases coming from δ CP , α 21 and α 31 .
One can make the following order-of-magnitude estimate for µ αβ . First, let's assume v ∆ = 10 −15 GeV so that there is no noticeable contribution from ∆ to any of the neutrino mass elements. Then for M + (Fig. 6a) is present. Noting that the new 2-loop amplitude as shown in Fig. 6b survives only in the θ = 0 limit, we deem this observation a fallout of the ∆-k ++ mixing. Therefore, this mixing plays a pivotal role in neutrino mass generation, much like it plays in explaining the muon g − 2 anomaly.
The full allowed ranges of µ αβ can be revealed through a parameter scan. The singly charged scalars are assigned with masses 800 GeV. Besides, M The mass of the lightest neutrino and Majorana phases are assumed to vanish in the present analysis. In addition to imposing the constraints of ∆a µ , LFV bounds and |λ 7 | < 4π, we also perform the a perturbativity check of the trilinear parameters, i.e.,
Figs. 7 and 8 depict the real and imaginary parts of µ αβ that are required to explain the neutrino data for normal as well as inverted mass orderings, respectively. In order to understand the linear shape of these plots, consider that µ µτ ∝ m ee ν , with the proportionality factor being real (since the Yukawa couplings are real). One then can write
Now, the right hand side of Eq. (3.11) is fixed and this in turn fixes the slope of the parameter points in the |Re(µ µτ )|-|Im(µ µτ )| plane. This pattern is also seen in case of trilinear parameters other than µ ee . And this difference comes from the fact that the expression for m µτ ν constrains contributions from both µ ee and µ µτ . The linear shape obviously will get smeared once a variation of the neutrino oscillation parameters is invoked.
We comment here that the above analyses can be repeated for a larger value of v ∆ . In such a case, the contribution of the triplet to the (ee) and (µτ ) elements can be appreciable and, in fact, much larger than the mass scale of the light neutrinos in principle. If so, |µ µτ | and |µ ee | also have to be suitably large so as to make way for a cancellation between the tree-level and two-loop terms. Therefore, no strong constraint on the triplet VEV emerges in this scenario from the consideration of neutrino mass.
Numerical results: Scenario B
In this section, we demonstrate the viability of Scenario B in connection to the muon g − 2 anomaly, neutrino mass and LFV processes. As we will see below, the predictions of ∆a µ and LFV are expected to be sharply correlated with the neutrino masses and mixings for the present scenario. Therefore, we do not divide our discussions into different subsections, as was the approach taken in the case of Scenario A, owing to a different neutrino mass mechanism in that case. The contributions to muon g − 2 coming from the singly and doubly charged scalars add up as follows:
where 
The absence of a chirality-flipping term in the contributions from H ++ µ,τ is expected and, therefore, one observes ∆a ∆ ++ µ < 0. LFV decays of τ →μee and τ →ēµµ are allowed by the underlying Z 3 symmetry. Of these, the branching fraction formula for the former process is the same as Eq. (3.5) in Scenario A. The branching fraction for the latter is given by
(4.3a)
The independent parameters here are . The following model parameter variation is made:
In an approach similar to Scenario A, the representative values ∆M = 50 GeV, 100 GeV, M With Eq. (4.3a), BR τ →ēµµ < 10 −8 is translated to
For typical values of M ++ τ 1 TeV and |m eτ ν |, |m eτ ν | 0.1 eV, we get v µ 2.5 × 10 −9 GeV. We have therefore chosen v µ = v τ = 10 −8 GeV in this analysis to ensure a suppressed rate for τ →ēµµ. Also, once all the triplet VEV's are fixed, all y αβ ∆ can be determined from the neutrino mass matrix. Note that this choice for v e and v τ renders the contributions of H ++ µ and H ++ τ to ∆a µ negligible. In the following, we plot the parameter points favoring a ∆a µ in the 2σ interval, a perturbative λ 7 and sufficiently small decay rate in the τ →μee channel in various planes of the parameter space.
It is important to highlight how the present scenario numerically differs from Scenario A. First, the allowed parameter space in the current scenario shows similar trends as in the case of Scenario A (see Fig. 1 ), much due to a common mechanism to explain ∆a µ . However, a main difference lies in the fact that y µτ ∆ is now proportional to m µτ ν . This correlation gives the restriction |Re(y µτ ∆ )| < 0.8 for ∆M = 100 GeV. On the other hand, the corresponding bound is more relaxed in case of Scenario A, as seen by a comparison between Fig. 5 and Fig. 1. In a way, Fig. 5 can be seen as a constrained version of Fig. 1 . Given that the chirality flip contribution is proportional to ∼ ∆M s θ c θ y In Fig. 9 together with Fig. 10 , we show the allowed parameter space in the y The couplings y µτ ∆ and y ee ∆ that enter the expression for the τ →μee branching fraction are dictated by the size of the (ee) and (µτ ) neutrino mass matrix elements, respectively. Therefore, the choice of the neutrino mass hierarchy becomes crucial in the analysis. In the case of NH, |m ee ν | ∼ O(10 −3 ) eV throughout the entire space allowed by the oscillation data. However, the same is O(10 −2 ) eV for the IH case, causing the τ →μee branching ratio to overshoot the allowed limit by a factor of ∼ O(10 2 ). Consequently, no parameter . These numbers are close to the corresponding numbers in Scenario A. However, y ee S is more constrained in the present case. This is attributed to the fact that |y µτ ∆ | is more tightly constrained in Scenario B. BR τ →μee therefore allows the bound on y ee ∆ to be loosened accordingly. For completeness, we also display the imaginary part of y ee ∆ in Fig. 12 .
In Fig. 13 , we show the allowed parameter space in the y ee
plane. Here, we take θ = to Scenario B, the IH becomes disallowed. And this is found to hold true even if the neutrino oscillation parameters are varied within their allowed ranges. However, the parameter regions corresponding to NH open up a bit further in that case. Scenario A enjoys more freedom precisely due to the presence of Z 3 -breaking trilinear parameters. An appropriate choice of these parameters can reproduce both NH as well as IH without conflict with the muon g − 2 anomaly and LFV decay bounds.
Summary and conclusions
The main theme of the present work is an explanation of the muon g − 2 anomaly by arranging for a mixing between the doubly charged scalar belonging to an SU (2) L triplet and a doubly charged SU (2) L scalar singlet. The doubly charged mass eigenstates then couple to both chiralities of leptons. In such a case, the chirality flip in the muon g − 2 loops can induce the requisite positive contribution so as to accommodate the anomaly. We have proposed two models (Scenario A and Scenario B) to investigate this effect. We have also sought to address non-zero neutrino mass and to satisfy the LFV decay constraints at the same time.
In Scenario A, the SM scalar sector is augmented by a complex scalar triplet ∆, a doubly charged scalar singlet k ++ , and three singly charged scalar singlets k + e , k + µ , k + τ . A softly broken Z 3 symmetry is imposed under which k + e , k + µ , k + τ have charges 1, ω, ω 2 , respectively, while ∆, k ++ have charge 1. However, soft Z 3 -breaking quadratic and trilinear terms are allowed, thereby causing the singly charged scalars to mix. Neutrino mass arises at the two-loop level and, therefore, this framework is a generalization of the well-known Zee-Babu model. The main findings in this scenario are the following:
• Owing to the ∆-k ++ mixing, the dipole term corresponding to muon g − 2 receives a boosted contribution. More precisely, this is due to the chirality flip and a logarithmic term in the loop amplitudes. It therefore becomes possible to address the muon g − 2 anomaly in this framework.
• The singlet-triplet scalar mixing plays a pivotal role also in the case of neutrino mass. A non-zero mixing induces a new two-loop amplitude that enjoys a chirality enhancement over the usual Zee-Babu-like diagram. In this paper, we have calculated the two-loop integrals exactly, including one which to our knowledge has not been done before. We have shown that by a suitable choice of the soft Z 3 breaking trilinear parameters, it is possible to satisfy the present neutrino oscillation data. We have demonstrated it through benchmark points that agree with normal and inverted mass hierarchies.
• In the absence of Z 3 -breaking quadratic terms, the only non-trivial LFV process is τ →μee. We have shown that the rate of this process can be maintained within the allowed limit in the parameter region that accounts for the muon g − 2 anomaly.
• The triplet VEV is allowed to take a wide range of values.
In Scenario B, three scalar triplets ∆ e , ∆ µ , ∆ τ having Z 3 charges 1, ω, ω 2 respectively and one doubly charged scalar singlet k ++ , each having Z 3 charge 1, are introduced. A violation of Z 3 through soft terms is necessary here as neutrino mass is generated at the tree level when the triplets acquire VEV's. Once again, mixing between between the doubly charged state of ∆ e and k ++ occurs after EWSB. Some salient features of the allowed parameter region in this case are as follows:
• In this case, the ∆ e -k ++ mixing also paves the way for a chirality flipping contribution in the muon g−2 loops. The requisite enhancement in muon g−2 is therefore generated in a manner similar to the previous scenario.
• In the case of a normal neutrino mass hierarchy, the parameter space favoring an enhanced muon g − 2 also complies with the bounds on the branching fractions of τ →μee and τ →ēµµ, the only non-vanishing LFV modes in this scenario.
• The present scenario disfavors an inverted neutrino mass hierarchy. This is attributed to the fact that the m ee ν value associated with the IH is typically larger than the corresponding NH value by at least an order of magnitude. As a result, the rate of τ →μee is often predicted above the permitted limit.
• Unlike in Scenario A, the triplet VEV gets bounded from both ends in the process of reconciling the muon g − 2 anomaly with LFV constraints.
The introduction of any dimension-2 Z 3 -breaking terms in such scenarios will lead to quadratic mixing between the scalars and, therefore, turn on the loop-induced l α → l β γ LFV processes. For both Scenario A and Scenario B, singly charged and doubly charged scalars will be running in the loops. However, the Z 3 -violating Yukawa interactions so induced will obviously be proportional to the magnitude of the quadratic mixing. Hence, such LFV rates can be easily controlled by keeping the magnitude of the Z 3 -breaking terms sufficiently small. Finally, a remark on possible collider signatures of these models is in order. The strengths of the µτ Yukawa couplings of the doubly charged scalars in both scenarios are found to be much larger than the corresponding ee strength. In such a case, pp → H and M ++ 2 , respectively. For a sizeable mass gap, these invariant mass peaks would share no overlap. A resolution of these two peaks can enable one to distinguish the proposed scenarios from the pure Type-II model.
A.1 Muon g − 2 integrals
The H ++ i contributions to ∆a µ contain the following integrals with M S denoting M We use the notation in Ref. [44] when calculating the two-loop integrals connected to neutrino mass generation: The contribution of k ++ to neutrino mass is given by In d = 4 dimensions, the following holds 
